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Jloc1IKEHHS MPOIECY CyMINIOYTBOPEHHS JIONATEBUM
3MmimryBadem Jjisa BPX

Y crarti 3a paxyHOK TIPOBEIEHOTO aHaji3y pI3HUX ICHYIOUYMX KOHCTPYKIIH 3alpOorOHOBAHO
BUKOPHCTAHHS HOBITHBOI CXEMH JIONATEBOTO 3MilllyBaya KOpMiB. TEOpPEeTHYHHMMH Ta EeKCIEPUMEHTAIbHUMHU
JOCTIKCHHAMH OyJI0 OTPHIMAaHO OCHOBHI KOHCTPYKTHBHI 1 KIHEMaTH4YHI ITapaMeTpu poOodYMX OpraHis, IO B
MOJAJIBLIOMY JI03BOJIMIIO BU3HAYUTH 1X BIUIMB HA HEOJHOPIAHICTh KOPMOBOI CyMillli, TOOTO SIKICHOTO ITOKa3HHUKA,
10 XapaKTepPHU3ye MPOIEC MirOTOBKA KOPMIB i 3rojoByBaHHs. OTpUMaHi 3aJIe)KHOCTI JOCUTHh ©(EKTHBHO
XapaKTepU3yIOTh pOOOTY JIONATEBOTO 3MilllyBaya Ta MPUTOTYBaHHs MOBHOPAIIOHHOT 30a1aHCOBAHOT CyMillli [Ist
BPX.
3MilyBay KopMmiB, KOpMoOBa cymim, A000BHil palioH, 300TeXHiYHi BMMOIHM, TBapPUHHHUITBO,
HeOIHOPiaHicTh KopMOcyMili

ITocTanoBka nmpo6aemu. CKOTapCTBO B HAIlll KpaiHi MOCTYIOBO CTA€ MPOBITHOIO 1
B)XXJIMBOIO Tajy3310 TBAPMHHUIITBA, TaK SK 3a0e3leuye BUPOOHHUILTBO KOPOB’SUOTO MOJIOKA
ommsbko 90% Ta 1o 70% M’sica smoBuYMHU. [IpoTAroM ocCTaHHIX POKIB B €BPONEHCHKUX
KpaiHax Ta YKpaiHi NpUAHATI MiABUIICHI BUMOTH MIOJO SIKOCTI BHUPOOHMIITBA MOJOKA 1
AJOBUYMHU Ta MPOAYKTIB iX mnepepoOku. Taki BUMOIM NPUCKOPIOIOTH BIPOBAIKCHHS
HOBITHIX IHTEHCHUBHUX TEXHOJIOTI MiATOTOBKM KOPMIB JI0 3rOZOBYBaHHS 1 MPUIOTYBAaHHS
30a7aHCOBAHUX TIOBHOIIIHHUX KOPMOBHX CyMilIeld 3 BUKOPUCTAHHSM 30aradyBajbHUX
KOMITIOHEHTIB, HEOOXIAHMX SKICHUX BiTaMiHiB, (epMeHTiB, OIOCTUMYISATOPIB Ta IHIIUX
JIKYBJIBHO-TTPO(UTAKTUIHUX TIPETapariB, a TAKOXK CydacHOI TEXHIKM HOBOTO TOKOJIIHHS Ta
KOMILIEKCHOI MeXaHi3allii 1 aBTomMaTu3allii mpouecis ix npurotysanss [1, 2, 3].

[Ipomiecu 0OpoOKM 1 MIATOTOBKM KOPMIB JO 3TOJOBYBaHHS Ta IPUTOTYBaHHS
0araTOKOMIIOHEHTHUX TTOBHOPALIOHHUX KOPMOBHUX CyMilllell 31IHCHIOETbCS Y MEXaHI130BaHUX
KOPMOIIEXaxX, /1€ BCTAHOBJICHI MOTOKOBO-TEXHOJIOTTUHI JIiHIi. 3TiIHO HOpMAaTHWBaM TaKi JiHIil
00JTaHYIOTECS CIIEI[IaTbHUMH TEXHIYHUMH 3aco0amMH 1 MamuHaMu. B 3arampHOMY mporieci
BUPOOHMIITBA MPOAYKI[i CKOTApCTBAa BHU3HAYAJIBHY POJIb BIJITPAlOTh KOPMH, 1 BiATOBIJIHO,
3MIITyBaHHS KOPMIB € OOOB’SI3KOBMM 1 HaWBa)JIMBIIIMM IPOLECOM MpPU MPUTOTYBaHHI
MOBHOPAIIOHHKX cyMiteit ais BPX.

V3aranpHEeHHUI aHaIi3 TPAJAUIIIHHUX MAIIUH Ta TEXHIYHUX 3aCO0IB I IPUTOTYBaHHS
KOPMOBHX CyMilled uig BeIMKOi poraToi XyJoOM IOKa3aB, IO ICHYIOYl 3MilllyBadli He
MOBHOIO MIpPOI0 3a0e3MeYyl0Th SKICHI IOKAa3HUKH CTOCOBHO TMIPUTOTYBAHHS BOJIOTUX
KOPMOBHX CyMilIe 1 MarOTh MEBHUN MEpeiiK AeIKUX HEeIONiKiB. A came — KOHCTPYKIT
MOOITPHUX 3MIIyBaviB MEPEBUIIYIOTh HOPMATHBHU 32 MUTOMOK METaJIOMICTKICTIO B 1,5...2
pas3u, Mpu IIbOMY BUTpPATU €Heprii Ha MpuBiA poOouux opradiB y 3...4 pasu. Taki cyTTeBi
HEJI0JIIKK poOOTH TpaHLIHHUX 3MIIIyBaydiB 0OMEXYIOTh iX 3acTocyBaHHsS Ha ¢epmax BPX, a
BUKOPUCTAHHS Yy MOTOKOBHUX JIiHISX MayoedekTuBHe. lle € rojJoBHUM NMTaHHAM LIOJ0
e(peKTUBHOCTI (DYHKI[IOHYBaHHS 1 TE€XHIYHOTO piBHS 3MilllyBaudiB CTOCOBHO IMPUIOTYBAaHHS
BOJIOTUX KOPMOCYMIIIIEH 1 € aKTyaJIbHOIO 33/1a49€t0.
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AHaji3 ocraHHix Jgochimkens, i myOaikanmiii. Bimomi Bueni Kykra I'M.,
Ieitpman B.I1., 3aBpaxnoB A.l.,, Kynakoscekuii [.LB.,, MenbrikoB C.B., Msun A.E.,
Makapos }O.I1., CupoBarka B.I. Ta iHmI 3aliManucs  JOCHKEHHSIM  IpoLecy
CYMIIIOYTBOPEHHs. [XHi BUCHOBKH MifIKpECTIOBAIM CKIaJHICTh TAKOTO MPOLECY, OCOOIMBO 1I€
cTOCy€eThCs (Pi3UKO-MeXaHIgHOI cTopoHH [4, 5, 6].

IlocranoBka 3aBaaHHA. MeTO0 NPOBENEHHS EKCIEPUMEHTAIBHUX JOCIIIKEHb
nepea0ayangocs BHBUEHHS 3aKOHOMIPHOCTEM BIUIMBY TI€OMETPUYHHUX Ta KiHEMaTHUYHUX
napaMeTpiB Ha SIKICTh MPUTOTYBaHHS KOPMOBUX CyMIIIEH.

Buxkiaag ocHoBHOro martepiajy. Bupinienss nocraBiaeHol npodjaeMH yA0CKOHAJICHHS
1 iHTeHcu(ikamii TEXHOJIOTIi MPUTOTYBaHHS 30aJIaHCOBAHOI BOJIOTOi KOPMOBOI CyMiIIi Jyist
BPX 0a3yeTbcs Ha CHUCTEMHOMY MiJXOAl JO JETaJbHOIO TEOPETUYHOrO OOIPYHTYBAHHS
epeKTHBHUX (DYHKI[IOHATBHUX Ta KOHCTPYKTUBHO-TEXHOJIOTIYHHUX CXEM MAIMH B IIJIOMY,
y3rOPKEHHI IapaMeTpiB poOOTH X OKpeMHUX pOOOYMX OpPraHiB Ta B3a€MO3B’SI3KYy KOMILIEKCY
NPOIIECIB B MEXaHI30BaHMX IMOTOKOBHX JIHIAX NPUTOTYBAaHHS KOPMIB 1 30alaHCOBaHUX
KOPMOBHX cyMmimeil. 3 Mo3uIlii Takoro CHCTEMHOIO IMiXOXy TEXHOJOIIUHUI mpolec
3MIITYBaHHS PI3HUX KOMITOHEHTIB CyMillli MOYKHA TIPEICTABUTU Y BUTIISAII ETEPMiHOBAHOL
Moze (PYHKI[IOHYBaHHS 3MilllyBa4a KOPMIB NIEPiOUYHOT il HA BCIX CTaiIX HOTO POOOTH:
BiJl 3aBaHTA)KCHHSI KOMIIOHEHTIB JI0 OTPUMaHHS Ta BUBAHTA)KEHHS TOTOBOi KOPMOBOI CyMIIIIi

(puc. 1).
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Pucynox 1 — Po3paxynkoBa Mozens (yHKIIOHYBaHHS 3MilTyBada
Locepeno: pospobaeno agmopamu

HaiiGinpIm Baroma Jist Ha MPOIIEC 1 AKICTh MPUTOTYBAaHHS KOPMOBHX CYMIIIICH, a TAaKOX
BUTPATH €HEPrii MpUIaaarTh 0€3MOCEPEIHbO HA MPOLEC 3MINIyBaHHSI KOPMIB y 3MillyBayi.
Ha #ioro mpoXxo»kKeHHsI BIUIMBAIOTh: CIIBBIIHOIIECHHS IMMTOMOI Mojadvi Ta (i3UKO-MeXaHI9H1
MOKa3HUKM KOMIIOHEHTIB, CTaH CHPOBHHM, HEPIBHOMIPHICTh J03YBaHHS KOMIIOHEHTIB
KOPMOBOI CyMillli, TEOMETPUYHI Ta KIHEMAaTHYHI IapaMeTpy MIIIaJKh, a TaKOX dac
3MilllyBaHHS a00 TpUBAJICTH Ipouecy. Ha mijcTraBl mpoBeIeHOro TEOPETUYHOTO aHalli3y Ta
MOTEPEAHIX MOIIYKOBUX EKCIMEPUMEHTAIbHUX OCIIHKeHb BU3HAYEHO HAWOLIbII BILTUBOBI
(dakTopy Ha MPOLEC 3MIIITYBAHHS Ta IPUTOTYBAaHHS KOPMIB: KIHEMaTHU4HI ITapaMETPHU: 4acToTa
o0epTaHHs BaJy MILIAJIKK — 7 ; TEOMETPUYHI MapaMeTpu: IIUPHUHA JIONaTl — & ; BUCOTa — /1 ;
KyT 11 HAXWJIy JI0 OCi Bajla — « ; KPOK PO3MIIIEHHS JIoTaTel — S Ta TPUBAJIICTh 3MIITyBaHHS
KOPMIB — 1.
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Jlst mocImiIpKeHHS BINTMBY OCHOBHHX (DaKTOPIB Ha IUTHOBY (DYHKIIIO, OOTPYHTYBaHHS
palrioHaJbHUX 3HAYEHb MapaMeTpiB 3MillyBadya Ta BIJMOBIAHOI iX OIIHKK Y TMpoleci
CYMIIIIOYTBOPEHHS PO3POOJICHO KOHCTPYKITIO JIOMATEBOTO 3MilryBaya (puc. 2).
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Pucynok 2 — TexHOJNOTIYHA CXeMa JIONATEBOTO 3MillTyBada
Lowcepeno: pospobaeno agmopamu

3anpornoHOBaHW 3MilllyBad CKJIAQJA€ThCS 3 KOPIYyCy 13 3aBaHTaXKyBallbHOIO
TOPJIOBHHOIO Ta BHBAHTaXyBaJIbHUM IMHEKOM. IImocki jomaTi 3 BIAMOBITHUM KPOKOM
JKOPCTKO BCTAHOBJICHI Ha OMOpax y3J0BXK 3MilllyBaua, sIKi 3HM3Y oOJagHaHI paialbHUMU
MaJIBIIMHU JJIS1 PO3MYIITYBAaHHS MOHOJIITY CyMiIIll B KOpIyci 3MinryBaya. JlonaTi BCTaHOBJIEHI 3
MPaBHUM 1 JTIBUM KyTOM HaXuiy iXHBO1 poO0UO0T MOBEPXHI 0 OC1 Baly.

Ouinky poOoTH 3MillyBaya 3J1HCHIOBAJIM MEPEBIPKOIO SIKOCTI BUKOHAHHS MPOIECY
3MIIIyBaHHS 1 BUTpAaTaMu MOTYKHOCTI Ha npuBiA Mimanku N . CTymiHb 3MillyBaHHS KOPMIB
KOHTPOJIIOBAJIM aHAJi30M BiiOpanux mpood [7, 8, 9].

SkicTh KOpMIB BHM3HA4YaJIM KOE(DIIMIEHTOM HEOMHOPIAHOCTI V¥, 3a CcTaHZApTHOIO

H
MeToauKOIO [10] mIssxoM po3moIiiTy KOHTPOJILHOTO KOMIIOHEHTA TI0 3aBEPIIEHHIO TIPOIIECY B
10 nmpobax, BiniOpanux nmpoboBiAOipHUKOM, 3a (HopMyII0I0:
V,= é -100%, (1)
X

ne S — cepelHbOKBAIpaTHYHE BIIXUICHHSI KOHTPOJIBLHOTO KOMIIOHEHTA 32 HACIIIKAMH
JIOCBiNY;

X — cepenHboapuMeTUUHE 3HAYECHHSI KOHTPOJILHOTO KOMIIOHEHTA BCiX MPoo.

JlociKeHHST POBOAMIIUCS 33 OJHOYACHO1T 3MIHU YOTUPHOX YMHHUKIB V, = f(8,0.,1,¢)

y MeXax TMapaMeTpuyHUX OOMEXEeHb MpPH TOCTIHHUX KOHCTPYKTHBHO-TEXHOJOTIYHUX
napameTpax.

3a pomomororo mporpamu  STATISTICA 6.0 r1utanyBamm —eKCIIEpHUMEHTAIBHI
JIOCJIIJDKEHHS Ta OTpUMAaIU TIpadidHi 3aJe)KHOCTI BIUIUBY BaroMux (hakTopiB Ha SKICHI Ta
€HEepreTUYHI MOKA3HUKHU MPOLECY CYMIIIOYTBOPEHHS, 1 BiAOBIAHO, BCTAHOBUTH paIliOHAIbHI
3HaueHHs (puc. 3-6).
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3MILIYBaHHS KOPMIB Ta MOTY>KHICTh IPUBOJLY Bally
Loicepeno: pospobneno agmopamu
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Ha e(peKT 3MINTyBaHHS Ta MOTYXHICTh IIPUBOTY
Hoicepeno: pospobneno agmopamu
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Pucynox 4 — BrumiB KyTa HaXwiTy JIomarti
Ha e(eKT 3MIIyBaHHs Ta MOTYXHICTh IPUBOIY
Howcepeno: pospobaeno agmopamu
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PucyHox 6 — BrumiB TpuBajocTi 4acy 3MilTyBaHHS
Ha e(peKT 3MIlNTyBaHHS
Iicepeno: pospobaeno asmopamu

JInsg aHamizy BIUIMBY KOXXHOTO OKpeMoro (akTopy HamMH OyjiM BHKOpHCTaHi
eKCIepUMEHTaIbHI Tpadiku po3CifoBaHHA 3 TicTorpamamu (puc. 7), sSiKi J03BOJIWIN TpadigHO
BU3HAYUTHU palliOHaJbHI 3HAUYEHHS KOKHOTO YMHHUKA i OTPUMATH peasibHi 3HAYCHHS ePeKTy
3MIIITyBaHHS KOPMiB Ta BUTPAT €HEPTii Ha MPUBOJ Bajla MilIaJIKH.
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Pucynok 7 — I'pacdiku po3citoBaHHs 3 ricTorpamamu, 10 XapakTepu3yTh
BIUIMB (paKTOPIB Ha SIKICHI MOKa3HUKH 3MILIlyBaHHS KOPMIB

Iicepeno: pospobneno asmopamu
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BucnoBku. IlpoBeneHi MOCHIDKEHHS O3BOJIMJIA BCTAaHOBUTH, IO palliOHaIbHA

BEJIMYMHA IIMPUHU JIOTATI CTAaHOBUTH 45 MM, KyT 11 Haxuiny — 50°, gactora obepTaHHs By
MIIIAJIKK HE MOBMHHA NepeBulyBatu 90 06/XB. Ipu TpUBaAIOCTI mpouecy 6...8 XB. 3a TAKUMU
napamMeTpamH 3arporoHOBaHa KOHCTPYKILA 3MillyBaya 3a0e3neuye OJHOPIAHICTh CyMilli Ha
piBHi 92%, npu boMy 0a30BUil MoOKa3HUK ojHOpimHOCTI At BPX ckmamae 86% [11, 12].
Tomy mopanbilie BUKOPUCTaHHS TAaKOl KOHCTPYKLIi JIONMATEBOrO 3MilllyBaya € JOLUIBHUM Ta
e(hEeKTUBHUM.
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Study of the Mixing Process With a Paddle Mixer for Cattle

Dairy and meat cattle breeding of Ukraine is one of leading and most essential industries of stock-
raising, that provides a production of more than 95% of cow milk and 50...60% of beef. In the world market
demand is on high-quality milk, beef and products of their processing constantly grows and that is why has an
important economic value for development of industry of cattle breeding in agricultural production of our
country. In general process of production goods of cattle breeding a decisive role belongs to forage. They have
subzero quality, in most cases, insufficient quantities are produced, and their share in cost price of milk and beef
is more than half of costs.

In connection with transfer of animal husbandry to market farming conditions, a long-term national
program has been developed, which provides for increasing the volume of milk and beef production, reducing
cost of production, improving its quality, comprehensive intensification of cattle breeding by creating a strong
fodder base, increasing its efficiency and productivity of grain and fodder cultures, application of new
progressive feeding technologies, preparation of fodder for feeding, preparation of highly nutritious fodder
mixtures and implementation of complex mechanization and automation of production processes on farms and
complexes. Realization of technical and plant-breeding progress of high-performance production of milk and
beef in industry requires near-term providing of animals in a sufficient amount high-quality biologically valuable
forage that can be balanced in rations of cattle by organic, mineral and biologically-active nutritives and
microelements and microaddings in accordance with pre-arranged productivity with maintenance of necessary
for this purpose vital functions and physiology state of animal.

Generalized analysis of traditional machines and technical equipments for preparation of forage mixtures
for a cattle showed that existent mixers not to a full degree provided quality indexes in relation to preparation of
moist forage mixtures and have a certain list of some defects. Namely, the constructions of mobile mixers exceed
norms in terms of specific metal density byl,5...2 times, while the energy consumption for the drive of working
bodies is 3...4 times. Such significant disadvantages of traditional mixers limit their use on cattle farms.

In the article, a systematic approach of systems is considered in relation to technological process of
mixing of different components of mixture, that is presented as determined model of functioning of mixer of
forage of batch-type at all stages of its operation: from loading components to receiving and unloading the
finished feed mixture. On the basis of the conducted research, the technological scheme of the paddle mixer,
which consists of a body with a loading neck and an unloading auger, is substantiated. Flat blades with a
corresponding step are hardly installed on supports along a mixer, which are equipped by radial fingers for
loosening of monolith of mixture in the corps of mixer. Blades are installed with right and angle of inclination
their working surface to axis of shaft.

Purpose of experimental researches was envisage study of conformities to law of influence of
geometrical and kinematics parameters on quality of preparation of forage mixtures. Such important factors
were: frequency of rotation of billow of mixer; width of flat blade; an angle of its inclination to axis of the shaft
and duration of forage mixing.

After realization of experimental researches at processing of received data we applied a mathematical
application that allowed to build dependences and get rational values package. They are as follows: the rational
width value of blade is 45 mm, angle of its inclination is 500, the frequency of rotation of agitator shaft should
not exceed 90 rpm. with duration of process 6...8 min. According to these parameters, proposed design of mixer
ensures homogeneity of mixture at level of 92%, while basic homogeneity index for cattle is 86%.
feed mixer, feed mixture, daily ration, zootechnical requirements, animal husbandry, homogeneity of feed
mixture
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